ABSTRACT Farming on soils situated in high background radiation areas can result to enhanced radiation exposure scenarios and pathways to humans. To assess the likely levels of exposures, farm soil samples were collected from different farmlands in three old tin mining localities (Bitsichi, Bukuru and Ropp) in Jos Plateau Nigeria, known for high radiations. The soil samples were analyzed for the activity concentrations of 226 Ra, 232 Th and 40 K, using gamma-ray spectroscopy. The outdoor annual effective dose rates were calculated using the activity concentrations of the radionuclides and were found to vary from 0.07 mSv to 2.02 mSv across the three localities. Considering dust generation from soil tillage and inadvertent ingestion of soil particles, the likely internal radiation hazards were estimated using conservative dust and soil loading factors. The total average annual effective dose rates due to 226 
Introduction
Soils are the relatively thin film of heterogeneous particulate and fibrous matter which constitutes much of the land-atmosphere interface. They are a complex mixture of minerals, carbonaceous matter and water, in which live the vast range of soil micro-and macro-flora and fauna. Certain features are especially relevant to the problems of radioactively contaminated soils, especially the great variability of the soil-based (as distinct from aquatic-based) ecosystem in terms of chemical composition and of physical structure, and of environmental and exposure factors. Location, especially in relation to potential hazards such as mining zones, nuclear accident sites and radioactive fallout areas, is perhaps, the critical variable. Clearly, such variability will influence decisively the levels, behaviour and significance of radioactive contaminants reaching a particular soil-based ecosystem.
Farming activities or operations will create radiation exposure scenarios and pathways to humans in environments contaminated with radioactive elements. The magnitude of exposure apparently will be high in instances where high background radiation exist or during artificial fallouts and depositions. The land preparation source of the airborne soil particulate emissions are produced during the preparation of agricultural lands for planting and after harvest activities. Operations included in this methodology are ploughing, harrowing, leveling, ridges and furrows, earthing up, etc. Dust emissions are produced by the mechanical disturbance of the soil by the implement used. Emission load is equally split throughout the year assuming that agricultural operations occur throughout the year in the absence of a crop calendar which is very peculiar to peasant framers in Nigeria. These farming activities will result in the production of soil-dust particles and through inhalation and ingestion; radionuclides could be deposited in critical organs of the human body. Figure 1 shows the flow diagram of possible exposure scenarios and radiation pathways to humans at 3 different stages of farming activities.
ASSESSMENT OF EXTERNAL AND INTERNAL DOSES
Studies concerning occupational exposure to dust and ingestion of soil particles among farmers are justified because of the insufficient research in this field; such study should approach the whole of a farmer's work from the point of view of the work site. Unlike in industry, exposure to dust at this work site takes place in changeable conditions with respect to concentration and composition of dust, work post and daily working time; also during the prolonged work cycle which, in the case of plant production may even take a whole year (Molocznik and Zagorski, 1998) . Apart from high air temperature, vibration and noise, agricultural dust is considered by farmers themselves as an unfavourable factor which most often accompanies their occupation. Epidemiologic studies carried out among farmers indicate a clear relationship between the occurrence of dust-related pathologic symptoms, concentration of dust and its pathogenic components and the period of occupational exposure to agricultural dust; however, the lack of data concerning the exposure has not created a means to discover the relationship between exposure and health effects (Tegen et al., 2004; Molocznik and Zagorski, 1998) .
Previous research reports on environmental radioactivity studies in the Jos Plateau have indicated high gamma radiation dose rates in excess of world average value Babalola, 1990, 1993; Farai and Jibiri, 2000) . Majority of these reports attributed these high levels primarily on the influence of tin and its mining activities in the area while the influence of the geological formation of the area was also identified as a factor (Farai and Jibiri, 2000; Jibiri et al., 2007a Jibiri et al., , 2007b Jibiri and Agomuo, 2007; Ademola, 2008) . Presently, no attempt has been made to consider singularly farm soils in relation to radioactivity levels, the effects it portents to the farmers during farming activities based on the fact that the areas under investigation are known for high radiations. The study considered and assumed the work sites typical of rural agriculture for peasant farmers in Nigeria: private family farm. The present study is therefore imperative as it will provide information on the radiation exposure of local farmers or the population in these areas. The evaluation of exposure creates a possibility to evaluate the health risk among the farming population, which to date has not been covered by legal regulations concerning health protection of the working population or even attempted from the weight of work done in environmental radioactivity. It will in the overall interest add to the radiometric data on environmental radioactivity needed in the country as the result presented in this paper constitute the first attempt to recognize the internal exposure due to dust inhalation and soil ingestion arising from farming in soils in high background radiation areas. The specific objectives of this study are as follows:
(1) determine the activity concentrations of natural radioactive elements in the farm soils from agricultural farmlands in three major old tin mining sites; Bitsichi, Bukuru and Ropp in Jos-Plateau Nigeria, (2) estimate the external gamma exposure dose rates due to resident time in the farms and finally, (3) estimate the internal gamma doses resulting from-dust inhalation and inadvertent ingestion of soil particles during farming.

Materials and methods
Soil sample collection
At each farmland in the three areas under investigation, soil samples were collected to a depth of 150 mm from 3 to 5 spots with an average area of 2 m 2 ; each spots being separated from each other by at least 10 m. All the samples from the spots were mixed thoroughly as a composite sample that is representative for the farm. They were transferred into a polythene bag and taken to the laboratory for processing. A total of 55 farmlands across the three localities were covered in this study comprising of 37 from Bitsichi, 14 from both Bukuru and Ropp.
At the laboratory, extraneous materials like plant materials, roots, pebbles were deliberately not removed. These extraneous materials are part of sources of radiation exposure in the farm. The deliberate attempt will ensure retaining all the contributing exposure elements in the environment. The soil samples along with the extraneous materials were dried at 110°C in a temperature controlled oven until there was no detectable change in the mass of the sample. The dried samples were thoroughly crushed, grounded and pulverized to powder. The powder was passed through a 2-mm mesh sieve. Due to the limited space of the detector shield only 200 g of the soil samples (dry-weight) were used for analysis since, this is the quantity it could conveniently take. The samples after weighing were transferred to radon-impermeable cylindrical plastic containers of uniform size (60 mm height by 65 mm diameter) and were sealed for a period of about 30 days. This was done in order to allow for Radon and its short-lived progenies to reach secular radioactive equilibrium prior to gamma spectroscopy. The standard reference soil sample used for activity determination of the radionuclides considered in this study was also transferred to a container of the same material and dimensions as were used for the soil samples. This is to ensure that the geometry configuration remained the same. The standard reference soil sample used was prepared from Rocketdyne Laboratories California; USA which is traceable to a mixed standard gamma source by Analytic Inc. Atlanta, Georgia.
Method of measurement
A lead-shielded 76 mm × 76 mm NaI(TI) detector crystal (Model No. 802 series, Canberra Inc.) coupled to a Canberra Series 10 plus Multichannel Analyzer (MCA) (Model No. 1104) through a preamplifier was used for the radioactivity measurements carried out in this study. It has a resolution (FWHM) of about 8% at energy of 0.662 MeV ( 137 Cs) which is considered adequate to distinguish the gamma ray energies of interest in the present study. The choice of gamma-ray peaks of the radionuclides to be used for measurements was made considering the fact that the NaI(Tl) detector used in this study had a modest energy resolution. This was to ensure that the photons emitted by the radionuclides would only be sufficiently discriminated if their emission probability and their energy were high enough, and the surrounding background continuum low enough. Therefore, the activity concentration of 214 Bi (determined from its 1.760 MeV γ-ray peak) was chosen to provide an estimate of 226 Ra ( 238 U) in the samples, while that of the daughter radionuclide 208 Tl (determined from its 2.615 MeV γ-ray peak) was chosen as an indicator of 232 Th. Potassium-40 was determined by measuring the 1.460 MeV γ-rays emitted during its decay. The detailed calibration of the detector can be found in our earlier publications (Obed et al., 2005; Jibiri and Bankole, 2006; Jibiri and Agomuo, 2007) .
The soil samples were placed symmetrically on top of the detector and measured for a period of 10 hours. The net area under the corresponding peaks in the energy spectrum was computed by subtracting counts due to Compton scattering of higher peaks and other background sources from the total area of the peaks. From the net area, the activity concentrations in the samples were obtained using the equation (Jibiri and Bankole, 2006; Jibiri et al., 2007a Jibiri et al., , 2007b :
where k = , C is the activity concentration of the radionuclide in the sample given in Bq kg -1 , C n is the count rate under the corresponding peak, ε is the detector efficiency at the specific γ-ray energy, P γ is the absolute transition probability of the specific γ-ray, and M s is the mass of the sample (kg). Th, respectively (UNSCEAR, 2000) . This may be attributed to the influence of different farm
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The range and mean of the activity concentrations, the absorbed dose rates and annual effective dose rates due to practices employed in improving the soil fertility due to poor yield of farm products from these areas and the extraneous concentration values of the radionuclides obtained in some of the farms. According to Jibiri et al. (2007a Jibiri et al. ( , 2007b , Jibiri and Agomuo (2007) , Alexander and Kidd (2000) and Pasquini and Alexander (2005) , heavy applications of different brands of chemical fertilizers and refuse ash were used by local farmers to improve the soil fertility and reclamation initiatives. Mittra et al. (2003) reports that one of the possible ways of enhancing productivity of acidic soil is the use of fly ash in appropriate combination with organic matter and chemical fertilizer which would act as soil amendment and source of nutrient supply system. These practices would have modified the concentrations of these radionuclides and their distribution hence altering their natural processes in the farm soils in these areas under investigation.
Dose calculations 3.2.1. Absorbed dose rates
The external absorbed dose rate, D (nGy h -1 ) in air at 1 m above the ground level for soils containing the concentrations of the radionuclides measured in the samples is calculated using the equation (UNSCEAR, 2000; Mustapha et al., 2007) :
where DC ext,R is the coefficient of dose rate per unit activity concentration of radionuclide R (in Bq kg -1 ) and A R is the concentration of the radionuclide R in the sample (Bq kg Table I for the different areas under investigation.
Outdoor effective dose due to γ -rays emitted by radionuclides contained in the environment
The absorbed γ-dose rates in air are usually related to human absorbed γ-dose in order to asses radiological implications. The external effective dose D ext (Sv y -1 ) received by an individual due to the distribution of the radionuclides in the farms during farming or during any of the external exposure scenario (Fig. 1) was estimated. In assessing the outdoor effective dose equivalent to members of the R ∑ population, two important factors were considered. The first is a factor that converts the absorbed dose rates (Gy h -1 ) in air to human outdoor effective dose rates (Sv y -1 ) while the second factor gives the proportions of the total time for which the typical individual is exposed to outdoor or indoor radiation. The United Nation Scientific Committee on the effect of Atomic Radiation (UNSCEAR, 2000) has recommended 0.7 Sv Gy -1 as the value of the first factor and 0.2 and 0.8 as for outdoor and indoor occupancy factors, respectively. This second factor implies that the average individual spends only 4.8 hours (about 5 hours per day) outdoors. In this work, only outdoor exposure from γ-rays sources due to the concentrations of the primordial radionuclides in the soil were considered. Since we are considering exposure scenario to farmers resulting from radionuclide concentrations in farm soil, the outdoor occupancy factor was modified to reflect that for a typical peasant farmers in Nigeria. An average occupancy factor of 10 h d -1 was adopted for a typical peasant farmer in Nigeria. The effective dose rate resulting from the absorbed dose rate values was calculated using the following relation:
where E extr is the effective dose rate (µSv y -1 ), T is time being 8 766 h y
, f is the outdoor occupancy factor that corrects for the average time spent outdoors (0.4) (~10 h), Q is the quotient of the effective dose rate and absorbed dose rate in air (0.7 Sv Gy ). The values obtained across the farms are summarized in Table I for Bitschi, Ropp and Bukuru. The annual effective dose due to external exposure as can be seen from Table I varied from 0.07 mSv to 2.02 mSv across the areas. The average values for each of the area were all greater than annual value of 0.07 mSv y -1 for outdoor exposures (UNSCEAR, 2000) .
Internal dose due to the inhalation of air contaminated with soil dust
Due to the specific character of production processes in agriculture, workers employed in this sector of the economy are exposed to dust in changeable conditions, associated with a variety of work activities, variability of concentrations and composition of dust, work site and the daily time of exposure, as well as the duration of working cycle, which in plant production covers the whole year. This is typical of peasant farming system in Nigeria which is largely characterized by time consuming manual occupations associated with the cultivation of crop and everyday care of breeding stock, which creates a peculiar type of background in the annual work of a private farmer. Confirmed pathogenic properties, noted among farmers, were based on the studies of the total dust load (Molocznik and Zagorski, 1998) . Hence, the effective internal dose due to inhalation D inh (Sv y -1 ) is calculated using the equation:
where DC inh,R is the effective dose per unit intake coefficient for radionuclide R (Sv Bq -1 ) by inhalation, C ds is the mass loading (g m -3 ), I inh is the inhalation rate, and T and A R have been defined in equations (2) and (3). The mass loading parameter is the concentration of soil particles in the air. The estimated mass loading for construction activities is about 6.0 × 10 -4 g m -3 ; for exposure to construction traffic on unpaved roads it is 4.0 × 10 -4 g m -3 ; and for agriculture-generated dust for private farming it is about 3.0 × 10 -4 g m -3 (Yu et al., 1993) while for mechanized tractor based farming it about 3.57 × 10 -3 g m -3 (Molocznik and Zagorski, 1998) . Suitable dust loading rates for scenarios considered in this study were determined according to the rational presented by previous reports (Yu et al., 1993; Oatway and Mobbs, 2003; Mustapha et al., 2007) . We have therefore adopted 3.0 × 10 -4 g m -3 as the dust load and EPA (1997) recommended 1.5 m 3 h -1 inhalation rate for outdoor workers in moderate activities such as farming operations. Using the inhalation DC inh,R values for each of the radionuclide in Table II , the radionuclide concentrations, the dust load and inhalation rates, DC inh of each radionuclide was estimated. The results are presented in Table III . The total annual average value estimated for Bitsichi is 9.9 µSv, 3.9 µSv for Bukuru and 3.9 µSv for Ropp.
Internal dose due to inadvertent ingestion of radionuclides
Estimates of risk attributable to soil contamination are often dependent upon assumed soil ingestion rates. Sources of ingestion rate estimates include calculation from assumptions regarding soil loading on hands, frequency of handto-mouth contact, and efficiency of transfer (Kissel et al., 1998) . During farming there is the chance of inadvertent ingestion which in this work is assumed to occur ) due to inadvertent ingestion of radionuclides through soil ingestion either during tillage, weeding or by other means in the farms is calculated using the equation:
where I ing is the ingestion rate (g h -1 ), DC ing,R is the effective dose per unit intake conversion coefficient for radionuclide R (Sv Bq -1 ) by ingestion and all other terms have their meanings as described in the equations above. According to Mustapha et al. (2007) , the amount of soil that is likely to be inadvently ingested by an adult in digging and extracting soils containing coltan ore is 5 × 10 -3 g h -1 . For agriculture, a conservative adult soil ingestion rate of 200 mg d -1 is recommended by EPA (1997) for agricultural operations in which there exist enhanced soil ingestion scenarios. Using DC ing,R values for ingestion in Table II and the recommended ingestion rates, DC inh were estimated. The results are presented in Table III . The calculated total average annual effective dose rates that could result from inadvertent ingestion of radionuclides during farming to the population is therefore, 6.9 µSv for Bitsichi, 4.2 µSv for Bukkuru and 4.9 µSv for Ropp.
These calculations are however, done while appreciating the major limitation that, the parameters used for calculations apart from standard conversion coefficients are only conservative estimates which would need to be validated by measurements. The work presented in this study constitutes the first attempt to recognize the exposure to dust and inadvertent ingestion of soil at workplaces in agriculture during an annual cycle. A more comprehensive recognition of exposure requires further studies with the consideration of the respirable fraction and various conditions of exposures. The evaluation of these exposure pathways nevertheless of low values obtained in this work is important from radiation protection point of view. It will create the possibility and the need to evaluate the health risk among ∑ the farming population and agricultural working environments in the country or elsewhere which to date is not covered by regulations concerning health protection.
As occupational exposure to dust and ingestion may be hazardous in agricultural environment and that the character of exposure is changeable, it may indicate the necessity of applying special strategies in work environments.
Conclusion
The activity concentrations of natural radionuclides ( 226 Ra, 232 Th and 40 K) in farm soil samples from three major old tin mining areas in Jos-Plateau Nigeria have been determined using gamma-ray spectroscopy. Using the activity concentrations of the radionuclides, the external absorbed dose rates, the corresponding annual outdoor effective dose rates were calculated. The value obtained ranged between 0.07 mSv y -1 and 2.02 mSv y -1 across the three areas. Considering the possible exposure pathways and scenarios from farming activities, the total average annual internal effective dose rates estimated that could result from dust inhalation and ingestion of soil particles during farming practices in these areas were 16.9 µSv, 8.1 µSv and 8.8 µSv for Bitsichi, Bukuru and Ropp, respectively. The evaluation of these exposure pathways nevertheless of low values obtained cannot be neglected from risk and radiation protection point of view. However, this will create the possibility to evaluate the health risk among the farming population and agricultural working environments. The occupational exposures to dust and soil ingestion is seen to be hazardous in agricultural environments where the soil is highly contaminated by radioactive elements of either natural or anthropogenic sources and may therefore indicate the necessity of applying special strategies in agricultural work environments and technical prophylactic approaches.
